claudication during exercise originates from stimulation of the muscle chemoreflex (9) .
In humans, static leg or handgrip exercise with postexercise trapping of accumulated metabolites in the exercised limb has been used to study the muscle chemoreflex isolated from the effects of central command and skeletal muscle mechanoreflexes (see Refs. 25, 28 for review). These studies have clearly demonstrated that stimulation of the muscle chemoreflex results in an increase in sympathetic activity to resting skeletal muscle (28) . An augmented sympathetic drive to active skeletal muscle may also occur with activation of the muscle chemoreflex (5) .
Increased sympathetic drive to visceral circulatory beds evoked by the muscle chemoreflex could contribute to the augmented pressor response. In the present study, we tested the hypothesis that activation of the muscle chemoreflex during dynamic exercise results in an augmentation of renal sympathetic nerve activity (RSNA). To evoke the muscle chemoreflex during dynamic exercise, we utilized partial terminal aortic occlusion to produce a hindlimb ischemia, which is a paradigm used extensively in dogs (15, 16, 21, 23, 24, 29, 30, 33) and, recently, in rats (2) . The animal model chosen for this study was the rabbit because of our ability to directly measure RSNA during dynamic exercise in this species (19, 20) .
METHODS
The experimental and animal care protocols were reviewed and approved by the Institutional Review Board for the Use and Care of Animals of Midwestern University. Seven New Zealand White female rabbits (3.30 6 0.39 kg) were selected for willingness to run on a motor-driven treadmill (AccuScan, Columbus, OH) that had a usable belt length of 1 m. After selection, rabbits were exercised once or twice per week over the [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] wk preceding the experiment to maintain familiarity with treadmill running. These sessions consisted of two short (3-5 min) exercise bouts at 10-12 m/min at a 20% grade.
Surgical Preparation
General. For both surgical procedures described below, rabbits were anesthetized with Telazol (tiletamine hydrochloride and zolazepam hydrochloride; 15 mg/kg im; Elkins-Sinn, Cherry Hill, NJ) and xylazine hydrochloride (25 mg/kg im; Butler, Columbus, OH) and intubated with a cuffed endotracheal tube. To maintain a surgical plane of anesthesia, the rabbits were mechanically ventilated with 2.0% halothane in room air. Buprenorphine hydrochloride (0.03 mg/kg; Reckitt and Colman, Richmond, VA) was given postoperatively for pain management.
Implantation of flow probe and vascular occluder. An ultrasonic transit-time volume flow probe (2-3 mm, Tran-sonic Systems, Ithaca, NY), and a Silastic vascular occluder (3-4 mm, In Vivo Metric, Healdsburg, CA) were implanted on the terminal aorta via a lower abdominal midline incision. Immediately proximal to the aortic-iliac bifurcation, the aorta was dissected free from surrounding tissue to accommodate the probe and vascular occluder. The vascular occluder was placed on the aorta rostral to the probe. Before placement of the probe, a 1 3 2 cm piece of silicone rubber medical-grade sheeting (0.007 in. thickness, Technical Products, Decatur, GA) was placed under the aorta. The probe was then placed around the aorta, and the sliding bracket was secured. The ends of the silicone sheeting were brought together around the probe and sutured to the underlying musculature. The silicone sheeting maintained correct orientation of the probe and prevented trapping of adipose tissue in the reflecting bracket during the ingrowth phase. The connector end of the probe was wrapped in sterile parafilm and routed subcutaneously, along with the free end of the vascular occluder, to a right flank subcutaneous pocket for storage. Rats resumed treadmill running 7-14 days after the abdominal surgery. Three to six weeks after the abdominal surgery the rabbits were instrumented with a renal sympathetic nerve recording electrode.
Implantation of renal nerve recording electrodes. In each animal, chronic recording electrodes were implanted on the left renal nerves. Via a retroperitoneal approach, the left kidney was exposed, and one or two renal nerves were dissected away from the renal artery. The recording electrodes were two 30-cm lengths of Teflon-coated multistranded stainless steel wire (0.009 in. diameter; 316SS7/44T, Medwire, Mt. Vernon, NY). One end of each electrode was stripped and curled into a J-shaped hook. The renal nerves were placed in the hooks and suspended above the renal artery. The bare end of a third length of wire was embedded in perirenal fat to serve as a ground. The entire nerve-electrodeground complex was then embedded in silicone gel (Silgel 604, Wacker Chemie). The three electrode leads were secured to muscle at the incision site, routed subcutaneously to the dorsal aspect of the neck, and externalized. Small gold pins were crimped onto the exposed ends of the leads. The leads were wrapped in a strip of cloth adhesive tape for protection, wound into a small bundle, and secured to the skin for storage. Rabbits were studied on the second day postsurgery. There was a small but significant decrease in body weight after the renal electrode implant surgery (D20.11 6 0.03 kg, where D denotes change; n 5 7).
Experimental Procedures
Instrumentation. Arterial blood pressure was obtained from a small Teflon catheter [Angiocath 24 gauge (OD 5 0.7 mm), Deseret, Sandy, UT] placed into the central ear artery by percutaneous placement or via a cut-down under local anesthetic block with 2% lidocaine hydrochloride. A short pressure line was connected to a solid-state pressure transducer that was strapped to the animal's back. Heart rate (HR) was derived from the arterial pressure pulse by using a Grass tachograph. Venous access was obtained by percutaneous placement of a 24-gauge Teflon catheter into the contralateral ear vein. The connector end of the flow probe and the free end of the vascular occluder were retrieved from the subcutaneous pocket. The probe end was connected by a 2-m extension cable to the Transonic flowmeter (model T206) for measurement of terminal aortic blood flow. A water-filled 1-ml syringe was used for manual inflation of the vascular occluder.
Nasopharyngeal reflex. After instrumentation, the nasopharyngeal reflex was assessed. In rabbits, activation of the nasopharyngeal reflex with cigarette smoke produces a dramatic increase in RSNA (4) . It is likely that the RSNA response to activation of the nasopharyngeal reflex represents the ''maximum'' RSNA that can be elicited by physiological means in a conscious rabbit, because increases in RSNA elicited by other physiological reflexes, such as hypotension (4), severe hypoxemia (18) , and moderate exercise (19, 20) , fall short of the level achieved during activation of the nasopharyngeal reflex.
To elicit the nasopharyngeal reflex, cigarette smoke contained in a syringe was intermittently puffed toward the nares of the rabbit for a period of 60-120 s. The five 2-s intervals with the highest RSNA were averaged. The nasopharyngeal reflex was elicited at the start and end of each day's experiment. The higher of the two smoke-elicited RSNA values was defined as maximum RSNA for that day. Use of a paired t-test revealed no statistical difference between RSNA responses elicited by the nasopharyngeal reflex within a day.
Minimum or baseline RSNA was obtained at the end of the day's experiment after suppression of postganglionic activity by intravenous infusion of trimethaphan camsylate (5 mg/kg; Arfonad, Roche Laboratories, Nutley, NJ). This voltage was subsequently subtracted from all RSNA measurements. RSNA recorded during the experiment was then expressed as a percentage of the smoke-elicited maximum activity. Use of this normalization procedure allows comparison of relative levels of RSNA between animals.
Experimental protocol. All hemodynamic and sympathetic activity measurements were made while the animal was on the treadmill. After the assessment of the nasopharyngeal reflex, the rabbit was allowed to rest for at least 30 min. While the rabbit was sitting quietly, data were continuously collected during a 2-min baseline period followed by a 3.5-min occlusion at ,50% of baseline aortic flow. After the ,50% occlusion at rest, rabbits rested a minimum of 15 min before the first exercise trial. Each rabbit completed at least two exercise trials. Forty-five minutes of rest were allowed between exercise trials. As the treadmill belt began to move and increase in speed, rabbits rode the belt for 2-4 s before taking their first hop. Thus time 0 for analyzing the hemodynamic and RSNA responses to exercise was defined as the start of the first hop, as visually identified by one of the investigators.
Two exercise protocols were executed. Data were continuously recorded during 2 min of rest and 5 min of exercise at 10 m/min and a 6.4% grade. The control exercise protocol was conducted without inflation of the vascular occluder. In the second protocol, partial occlusion of the terminal aorta was used to produce hindlimb ischemia during exercise. Aortic flow during occlusion averaged 51 6 2% (range 42-57%) of preocclusion exercise aortic flow.
Manual inflation of the vascular occluder began 90 s into the exercise run. The partial aortic occlusion was maintained through the remaining 210 s (3.5 min) of exercise and was released at least 10 s after the cessation of the treadmill exercise. A third exercise trial was performed in three animals because of excessive RSNA artifacts in one of the previous exercise trials. For the trials chosen for analysis, in four rabbits the control exercise trial preceded the hindlimb ischemia exercise trial, whereas in three rabbits the order of the trials was reversed.
Data Analysis
RSNA potentials were amplified by a preamplifier (1,000 times) and a low-noise differential amplifier (20-100 times) with use of a bandwidth of 100-3,000 Hz. The signal was full-wave rectified and averaged by using a 100-ms moving time averager. Arterial blood pressure, HR, and averaged RSNA signals were simultaneously stored on magnetic tape 1819 MUSCLE CHEMOREFLEX AND RSNA DURING EXERCISE by 10.220.32.247 on May 28, 2017 http://jap.physiology.org/ using a Vetter data recorder and written to paper on a Grass polygraph. Data were analyzed off-line using custom-written software on a Hewlett-Packard 310 workstation.
Rest (baseline) data are represented by a single 2-min average. As shown in Fig. 1 , data during exercise were initially averaged in consecutive 10-s intervals. For statistical analysis of the responses to exercise, four 30-s intervals were chosen: immediately before occlusion (60-90 s of exercise), at 1.5 min of occlusion (150-180 s of exercise), at 2.5 min of occlusion (210-240 s of exercise), and at 3.5 min of occlusion (270-300 s of exercise). The data were averaged over the selected 30-s intervals. The responses to partial occlusion at rest are represented by the average of the last 30 s of the 3.5-min occlusion.
Statistics. A paired t-test was utilized to compare body weight data and the responses to partial aortic occlusion at rest. The responses to exercise were analyzed with a two-way analysis of variance with repeated measures. If the analysis of variance group 3 time interaction term was significant, post hoc comparisons between means were completed with the Tukey-Kramer procedure (10) . The statistical analysis was performed with NCSS 6.0 software (Kaysville, UT). Values are represented as means 6 SE. Differences were considered statistically significant at P , 0.05.
RESULTS

Partial Aortic Occlusion at Rest
While the rabbits were sitting quietly on the treadmill, terminal aortic blood flow was reduced to 53 6 4% of resting aortic flow by manual inflation of the vascu- Table 2 ; b/min, beats/min. lar occluder. As shown in Table 1 , 3.5 min of occlusion at rest resulted in a minor increase in mean arterial pressure (MAP) (D4 6 2 mmHg, where D denotes change; P 5 0.07) and a small but significant fall in HR (D28 6 2 beats/min). RSNA was not affected.
Partial Aortic Occlusion During Exercise
Original data tracings from a control and a hindlimb ischemia trial performed by one rabbit are presented in Fig. 2 . On average, there were no differences in the resting hemodynamic or RSNA values between the two exercise trials (Table 2 ; Fig. 1) . Additionally, the tachycardic, blood pressure, aortic flow, and renal sympathoexcitatory responses to the first 90 s of exercise were similar between the two exercise trials.
As exercise continued through the subsequent 3.5 min in the control exercise trial, there were no further changes in terminal aortic flow, MAP, or RSNA. HR continued to rise from 330 6 6 beats/min (at 90 s of exercise) to 348 6 8 beats/min by the end of the exercise period (P , 0.05).
Inflation of the vascular occluder commenced after 90 s of exercise in the hindlimb ischemia exercise trial. On average, terminal aortic flow decreased steadily over the subsequent 30 s and stabilized at 51 6 2% of exercise aortic flow after 40 s of partial occlusion (Fig.  1) . At this level of occlusion, exercise aortic flow was similar to aortic flow observed at rest ( Table 2) .
The blood pressure response to exercise was altered by partial aortic occlusion (interaction term P , 0.001). Within 20 s of the commencement of partial aortic occlusion, MAP began to increase. MAP at 1.5 min of partial aortic occlusion was elevated by 10 6 3 mmHg relative to the preocclusion level (P , 0.05; Table 2 ). MAP was increased an additional 7 6 2 mmHg at 2.5 min of partial aortic occlusion (P , 0.05 from 1.5 min) and did not increase further during the last minute of ischemic exercise. Thus ischemic exercise resulted in a potentiated blood pressure response compared with 180-210 s of occlusion) . MAP, mean arterial pressure; RSNA, renal sympathetic nerve activity; D, change. * P , 0.05 rest vs. occlusion. Fig. 2 . Polygraph recording from 1 rabbit that performed a control (without aortic occlusion) and a hindlimb ischemia (with partial aortic occlusion) exercise trial (10 m/min at 6.4% grade for 5 min). Arterial blood pressure (BP), RSNA, and terminal aortic blood flow are shown. Asterisks next to spikes in RSNA tracing identify artifacts. Artifacts in BP, heart rate (not shown), and RSNA recordings were manually removed from digitized data file by using custom-written software before analysis. arb, Arbitrary.
the same time points in the control exercise trial (D9 6 3 mmHg at 1.5 min of occlusion, D16 6 4 mmHg at 2.5 min of occlusion, and D21 6 3 mmHg at 3.5 min of occlusion; P , 0.05).
Partial aortic occlusion altered the HR response to exercise (interaction term P 5 0.02). During the progressive rise in MAP that occurred during the first 2.5 min of occlusion, HR remained stable at the preocclusion level. This is in contrast to the average 16 beats/min increase in HR that was observed in the control exercise trial ( Fig. 1; Table 2 ). Thus, through the first 2.5 min of occlusion, HR in the hindlimb ischemia trial was significantly lower (D213 6 7 beats/min) than what was observed in the nonischemic trial. During the last minute of exercise, HR values were again similar between the ischemic and control exercise trials (D28 6 8 beats/min).
The RSNA response to partial aortic occlusion contrasts sharply with the stable RSNA response observed during the nonischemic control trial (interaction term P , 0.001). In the control trial, RSNA remained stable at 18-19% of maximum through the final 3.5 min of exercise. In contrast, RSNA during the hindlimb ischemia trial began to increase after 100 s of partial aortic occlusion (after 190 s of exercise; Fig. 1 ). RSNA plateaued at an elevated level from 130-190 s of partial aortic occlusion (220-280 s of exercise) followed by a further rise during the last 10 s of exercise. RSNA at 3.5 min of ischemic exercise was significantly higher (25 6 2% of maximum; P , 0.05) than RSNA observed at the same time point in the control exercise trial ( Table 2 ).
The RSNA responses over the last 3.5 min of exercise for the control and hindlimb ischemia trials are presented in Fig. 3 as the relative change in RSNA from the preocclusion exercise level. During the control trial, RSNA during the last 3.5 min of nonischemic exercise was stable and similar to the level observed after 90 s of exercise. In contrast, exercise during hindlimb ischemia augmented RSNA at 2.5 min (D25 6 9%) and 3.5 min (D47 6 12%) relative to preocclusion levels, despite the concomitant exaggerated blood pressure response. The changes in RSNA at 2.5 and 3.5 min of hindlimb ischemic exercise were significantly greater than the RSNA responses observed at the same time points in the nonischemic control exercise (Fig. 3) .
DISCUSSION
In this study, hindlimb ischemia was employed to stimulate the muscle chemoreflex during dynamic exercise in the rabbit. During the 3.5 min of exercise with hindlimb ischemia, the rabbits developed a marked pressor response, which is consistent with an activation of chemically sensitive nerve endings in skeletal muscle. Importantly, we found that exercise during hindlimb ischemia resulted in an increase in directly measured RSNA. These findings support the hypothesis that activation of the muscle chemoreflex during dynamic exercise can result in an augmented sympathoexcitatory drive to the kidney.
The method utilized to stimulate the muscle chemoreflex in this experiment, partial aortic occlusion during dynamic exercise, has been used extensively in dogs (15, 16, 21, 23, 24, 29, 30, 33) and, recently, in rats (2) . Partial aortic occlusion reduces hindlimb muscle perfusion and oxygen delivery, resulting in decreased washout as well as increased production of metabolic byproducts capable of stimulating chemically sensitive nerve endings (30) . Graded reductions in terminal aortic flow below a threshold value result in progressive increases in blood pressure (15, 16, 21, 29, 30, 33) . The threshold value is dependent on the intensity of the exercise performed (33) and is ,70% of exercise blood flow during mild exercise in dogs (15, 16, 21, 29, 30, 33) . Similar to the dog, the hemodynamic response to hindlimb ischemia in the exercising rabbit was marked by a considerable pressor response. We utilized a single-stage reduction in aortic flow (,50% of exercise blood flow), which precluded estimation of the threshold of the MAP-terminal aortic flow relationship in the rabbit.
As discussed by Wyss et al. (33) , the pressor response to ischemic exercise has a passive component, due to the mechanical increase in aortic resistance. For dogs, the gain of the MAP-terminal aortic flow relationship was at least 3.5 times greater than the calculated passive effect of partial occlusion on blood pressure. Because cardiac output was not measured in the present study, we cannot quantitatively evaluate the passive contribution of partial aortic occlusion to the observed pressor response. However, the passive component should become immediately evident as aortic resistance during exercise is rapidly increased due to aortic occlusion. As shown in Fig. 1 , there was only a small rise in blood pressure during the first minute following the onset of partial aortic occlusion. The subsequent progressive increase in blood pressure after the first minute of partial aortic occlusion is consistent with a time-dependent accumulation of metabolites within the exercising ischemic musculature.
There is ample evidence in anesthetized animals and in humans that stimulation of chemically sensitive nerve endings in muscle results in an augmented sympathetic drive to skeletal muscle. In humans, static leg or handgrip exercise with postexercise trapping of metabolites in the exercised limb has been used extensively as a paradigm for studying the muscle chemoreflex isolated from the effects of central command and skeletal muscle mechanoreflexes (see Refs. 25, 28 for review). These studies have clearly demonstrated that stimulation of the muscle chemoreflex results in an increase in sympathetic activity to resting skeletal muscle (28) . An augmented sympathetic drive to active skeletal muscle may also occur with activation of the muscle chemoreflex. Hansen and colleagues (5) observed a rise in MSNA directed to the ipsilateral as well as contralateral leg during ischemic static toe extension. Recently, Hill and colleagues (6) demonstrated that static contraction of the triceps surae in the decerebrate cat reflexly increased the discharge of sympathetic efferents innervating the contralateral muscle group. The latency of the response suggested a chemosensitive receptor rather than mechanoreceptor origin. Stimulation of group III and IV muscle afferents via direct electrical stimulation, static contraction, or chemical stimulation in anesthetized animals results in vasoconstriction in skeletal muscle (3, 17, 32) . Stimulation of the muscle chemoreflex during dynamic exercise is also likely to augment muscle sympathetic nerve activity, as forelimb vasoconstriction was observed during hindlimb ischemia in treadmill-exercised dogs (15) .
Vasoconstriction in visceral circulatory beds, including the kidney, accompanies stimulation of muscle afferents in anesthetized animals (3, 13, 17) . In the anesthetized cat, the renal vasoconstriction and sustained rise in RSNA associated with static muscle contraction was attributed to stimulation of both mechanoreceptors and chemosensitive receptors (12, 13, 31) . Acute renal denervation abolished the fall in renal blood flow and attenuated the pressor response, demonstrating that the renal vasoconstriction was neurogenic in origin and that the renal vasoconstriction contributed to the increase in MAP. In exercising dogs, dynamic exercise with hindlimb ischemia resulted in renal vasconstriction but no significant fall in renal blood flow (16, 24) . Interestingly, chronic renal denervation did not alter the relationship between renal vascular conductance and hindlimb blood flow in the dog. It is possible that in the dog RSNA did not respond to stimulation of the muscle chemoreflex. However, it is far more likely that renal autoregulation provided a redundant mechanism for control of renal blood flow under those specific conditions. In the anesthetized cat during isometric muscle contraction (13) and in the conscious baboon during dynamic leg exercise (7), the renal blood flow response in a denervated kidney was characterized by an initial rise in flow rather than the immediate decrease in blood flow observed in an innervated kidney. However, as exercise continued, renal blood flow in the denervated kidney returned to resting levels (7, 13) . These data in two different species provide evidence for a role for renal autoregulation in the control of blood flow during exercise in the absence of neurogenic drive.
There is accumulating evidence from studies in conscious animals that stimulation of muscle chemosensitive receptors augments sympathetic drive to visceral circulatory beds. In conscious cats, the slow, secondary rise in RSNA associated with voluntary static contraction is consistent with stimulation of chemosensitive receptors (11) . Moderate-to-heavy dynamic exercise in rabbits provokes a sustained increase in RSNA (19) . In this study, imposition of hindlimb ischemia during dynamic exercise in the rabbit resulted in an augmented RSNA response, which was delayed with respect to the rise in blood pressure. Although not responsible for the initial phase of the pressor response, it is likely that renal sympathoexcitation and the associated renal vasoconstriction contribute to the augmented blood pressure associated with stimulation of the muscle chemoreflex during dynamic exercise.
It is likely that arterial baroreflexes attenuated the full expression of the muscle chemoreflex-stimulated pressor and sympathoexcitatory responses. In anesthetized animals, carotid sinus hypotension enhanced the regional vasoconstrictor responses to electrical or chemical stimulation of muscle afferents (1, 32) , illustrating an inhibitory interaction between baroreflexes and muscle reflexes on reflex sympathetic outflow. In conscious exercising dogs, sinoaortic denervation was shown to enhance the gain of the systemic blood pressure-hindlimb perfusion pressure relationship (29) , resulting in greater pressor responses for a given reduction in terminal aortic flow once the threshold of the relationship was exceeded. However, no estimate was made of the relative contributions of cardiac output and peripheral vasoconstriction to the augmented pressor response after sinoaortic denervation. Scherrer et al. (27) evaluated in humans the effect of the arterial baroreflex on the muscle sympathetic nerve activity (MSNA) response to static handgrip exercise by limiting the normal muscle chemoreflex-induced rise in systemic blood pressure with a nitroprusside infusion. A 50% reduction in the pressor response resulted in a fourfold increase in the MSNA response. Additionally, the latency between the onset of the pressor response and the rise in RSNA in the present study may be partially attributable to opposition from arterial baroreflexes. In humans, the latency of the MSNA response to static handgrip was shortened with nitroprussideinduced attenuation of the pressor response to handgrip exercise (27) .
Cardiopulmonary baroreflexes may also limit the pressor and sympathoexcitatory responses to activation of the muscle chemoreflex. Cardiac receptors attenuate the RSNA response to nonischemic dynamic exercise in rabbits (20) and the muscle chemoreflexinduced rise in blood pressure in rats during dynamic exercise (2) . In the present study, the large reduction in hindlimb blood flow caused by partial aortic occlusion during exercise would be expected to raise central blood volume. This artifactual increase in central blood volume could result in heightened cardiopulmonary afferent activity, which, in turn, would limit the muscle chemoreflex-induced rise in RSNA. It should be noted that this heightened inhibitory effect of cardiopulmonary receptors on sympathetic outflow is unlikely to occur if the muscle chemoreflex is stimulated by a mismatch between oxygen supply and demand in skeletal muscle during heavy exercise under normal conditions.
The reflex response to hindlimb ischemia in the rabbit appears to differ from the dog (21, 22, 33) as well as the rat (2) in the lack of a net tachycardic component to the pressor response. There are three mechanisms that could have contributed to the lack of a tachycardic response. One possibility is that, in the rabbit, muscle chemosensitive receptors have less influence on cardiac sympathetic activity than apparently is the case in the dog or rat. A second mechanism could stem from competing effects of the muscle chemoreflex and the arterial baroreflex on cardiac sympathoexcitation during the ischemic exercise. In the present study, a slight reduction in HR accompanied the rise in blood pressure associated with the first 2.5 min of partial aortic occlusion (Fig. 1) . In contrast, HR continued to increase slowly during the nonischemic control exercise. A reasonable explanation for this depressed HR response during the ischemic exercise is that strong activation of the cardiac component of the arterial baroreflex opposed a potentially weak excitatory influence of the muscle chemoreflex on the control of HR. The modulatory effect of the arterial baroreflex on the HR response to activation of the muscle chemoreflex in humans was demonstrated by Scherrer and colleagues (27) , whose results are particularly striking, since the muscle chemoreflex in humans was previously believed to have little influence on the tachycardic response to static handgrip exercise (22) . A third contributing mechanism to the depressed HR response in the rabbit could be augmented stimulation of cardiopulmonary receptors due the artifactual rise in central blood volume associated with partial aortic occlusion. In the rat, blood volume expansion decreased the gain of the muscle chemoreflex regulation of HR during ischemic exercise (2) .
Limitation of the Model
Use of partial aortic occlusion to evaluate the influence of the muscle chemoreflex on reflex circulatory control is dependent on the assumption that hindlimb ischemia does not markedly affect the level of central command or muscle mechanoreceptor activation during the exercise. An additional factor that theoretically could augment RSNA is ischemic pain. The abrupt increase in RSNA observed during the last 10 s of the ischemic exercise could possibly be due to a combination of an augmented muscle chemoreflex, increased central command due to emerging fatigue, or some degree of ischemic pain. The contributions of augmented central command or ischemic pain to the RSNA response are difficult to objectively evaluate in animals.
In summary, hindlimb ischemia produced by partial aortic occlusion resulted in potentiated blood pressure and RSNA responses to dynamic exercise in rabbits. These findings support the hypothesis that activation of the muscle chemoreflex during dynamic exercise can result in an augmented sympathoexcitatory drive to the kidney.
